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We synthesized 10—-200 nm thick colossal magnetoresistiyeIgMnO; (LSMO) thin films

under compressive strain, resulting in perpendicular anisotropy. Similar magnetic domain structures
in LSMO films thicker than 40 nm were observed by magnetic force microscopy and were also seen
with photoemission electron microscopy. Recent transport measurements, in conjunction with this
result, suggest a dead layer at the interface, not at the surface. When varying the temperature from
below the Curie temperatur€: to above, the magnetic domains disappeared. These domains
nucleated uniformly across the film when the temperature was subsequently lowered, but their
positions were unrelated to the initial domains or to surface defect0@! American Institute of
Physics. [DOI: 10.1063/1.1687272

Certain compositions of doped perovskite manganitesnain walls”® Moreover, it has been shown that ultrathin
exhibit colossal magnetoresistan@MR), and may be half doped manganite films exhibit a more pronounced magne-
metallic. In these CMR materials, the metal-insulator transitoresistance effect than their thicker counterpagsinet al.
tion coincides with the magnetic transition. Experimentally,also reported that conductance linearly scales to zero at finite
the magnetic and transport properties of CMR materials havéim thickness in CMR thin films grown on a variety of
been shown to be highly sensitive to lattice distortions bottsubstrates.Taken together, these results suggest that there is
in thin film and bulk form. Many groups have shown that a surface or interface layer that has electronic properties very
properties such as the Curie temperature resistivity, and magtfferent from the rest of the film. Therefore the magnetic as
netoresistance are extremely sensitive to chemical and hyvell as the electronic properties of CMR thin films may not
drostatic pressure as well as epitaxial strain due to latticecale with thickness as one would expect. Previous work on
mismatch with an underlying substrat& Furthermore, geo- Lagy Sty MnO; (LSMO) thin films patterned into island
metrical confinement of epitaxial thin films into islands will structures has shown that the nature of local magnetic struc-
change the strain state and thus affect the magnetism ardre in submicron islands of colossal magnetoresistive thin
transport. films does not differ dramatically from that of continuous

Of particular interest has been the correlation of thefilms when the islands have low aspect rafiddn these
magnetic domain state with the structure in optimally dopedslands, the shape anisotropy as well as magnetostriction are
CMR thin film materials. These materials have the composithe key factors that determine the evolution of domains and
tion Lay7AEqMnO;, where AE=alkaline earth. Unpat- magnetization reversal.
terned CMR films have been analyzed using magnetic force In this paper, we present a more complete study of the
microscopy(MFM) at room temperaturéln differing strain  magnetics of LSMO thin films, and corresponding patterned
states at low temperature, the domains were observed to pislands, with film thicknesses of 10—200 nm. This range of
to defects in the filnf. More detailed imaging of bicrystal thicknesses includes the Matthews-Blakesley critical thick-
grain boundaries in thin films and measurement of tiigis ness of our epitaxial CMR films grown on LaAJO
found that those temperatures were higher at grain bound-—~40 nm), below which the film should be under elastic
aries than the grain interiosMagneto-optical imaging has strain without plastic deformatiot. Moreover, the thinner
also been used to probe the local domain structure of CMRIms of this series may be dominated by a surface or inter-
thin films® This study found that the local magnetization is face related dead layer that has been deduced to be 5 nm for
oriented out of the plane at bicrystal grain boundaries. MagCMR films grown on LaAlQ by Sunet al®
netic domain structure in these CMR films also gives rise to ~ We describe the orientation of the manganites in terms of
distinctive magnetotransport specifically attributed to the dothe pseudocubic lattice parameters. For LSM), = bpui
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=cpu=3.87 A. These lattice parameters are rotated 45° i, T B Ay’
from the rhombohedral, nearly cubic lattice parameters v f( . e 1","
Apu™= Ppuk= Cou=5.48 A. The pseudocubic lattice param- .5 W T B
eters for LaAIQ (LAO) are ay,,=bp,=Chu=3-80 A. . - - b et L
LSMO films 10—-200 nm thick were deposited epitaxially on
(00Y)-oriented LAO substrates by pulsed laser deposition. A
stochiometric target of LSMO is ablated using a focused 248
nm KrF excimer laser. The substrates were held at 700 °C in
a 320 mTorr pure oxygen atmosphere. The lattice mismatch
between LAO and LSMO places the films unde2% com-
pressive strain. The films are compressively strained giving
rise to a perpendicular magnetic anisotropg-2 x-ray dif-
fraction scans reveal epitaxial growth of the LSMO on LAO.
Only the (001) families of peaks for LSMO and LAO are
present in the scan. The measurement of the full width at half
maximum f.OI‘ all of our films 'iS limited b.y Fhe reSOIUtion of FIG. 1. A MFM image of an unpatterned film 53 nm thick after a 1 T
the x-ray diffractometer and is'0.3°. This implies that the magineltic field was applied in the perpendicular direction. The domains are
films are of high crystalline quality. The islands were pat-125 nm wide.
terned from continuous films using standard photolithogra-
phy techniques. The patterns are defined usiniylare step-
per, then etched using an ion mill. lon milling is somewhatProbes approximately an exchange length into the film,
problematic as it carbonizes the photoresist, however, it is=50 nm for our films. MFM reveals stripe domains indica-
necessary since the LSMO films are highly chemically resistive of perpendicular anisotropy. Stripe domains form due to
tant. a competition between the exchange, magnetostatic, and

We have verified the composition and thickness of ourMagnetic anisotropy energies. In our case, the perpendicular
films using Rutherford backscatterifgBS). RBS was per- anisotropy is large enough to overcome the magnetostatic
formed on polycrystalline LSMO films that were grown on €nergy and thus form stripes. MFM reveals domains of
Si substrates in tandem with the samples grown on LAOWidths 125 nm in a 53 nm thick film, as shown in Fig. 1. The
The samples on Si provide much better contrast in the RBYFM studies of our unpatterned thin films show a square
spectrum than the samples grown on LAO. Composition ref00t dependence of the domain size with film thickness. This
sults are within 10% of the stoichiometry of the ablated tar-2grees with Kittel's basic scaling modéIMFM measure-
get. The RBS measured thickness is accurate to wihige ~ mMents performed after saturation in various in-plane and per-
of the actual film thickness. We also probed the surface morPendicular directions reveal stripe domains parallel to the
phology of our films and islands with atomic force micros- direction of the previously applied field—a result of the
copy. Though the resulting root mean squ@nes) roughness minimization of the associated Zeeman energy. Domain
of our unpatterned films slightly increases, on average, fopizes, for patterned and unpatterned sets, appear to be similar
thicker films, the dominant factors in determining the rough-With a slight suppression possible in the island samfdes
ness are growth conditions. The unpatterned films ranging iffig- 2. We are unable to see MFM images of the domain
thickness from 10-200 nm have RMS roughness rangin§tructure in films thinner than about 40 nm. Attempts by
from 0.5—2.0 nm. other researchers to image films below this threshold have

Using a superconducting quantum interference device
magnetometer, we measured the saturation magnetization of
our films d@ 5 K both in the in-plane and perpendicular di-
rections. All of our films exhibit saturation magnetization
values consistent with bulk valuésWe found thatTc is
suppressed as the film thickness decreakebas been mea-
sured as low as 265 K for a 10 nm thick film. The suppres-
sion of T¢ was also observed in the magnetization versus
temperature and resistivity measurements. This agrees with
previous observations th@t increases as strain in the film is
released>~°

The compressive biaxial strain on the film due to the
substrate gives rise to a perpendicular magnetic anisotropy.
We investigated the magnetic structure of our films using
MFM. Specifically we used magnetically coated tips magne-
tized in the perpendicular direction and scanned 20—50 nm
above the surface of the film. Because of the high coercivity

O_f our films and Fhe |0_W field produced by the tips, magne-gig. 2. A MFM image of the patterned version of the film in Fig. 1, after a
tization of our films is not a confounding factor. MFM 1 T magnetic field was applied in the perpendicular direction.
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probes an entire exchange length below the surface. The fact
that we observe nearly identical stripe domain images with
both PEEM and MFM suggests that the surface layer of the
film is in the same magnetic state as the whole film. There-
fore, the dead layer that some groups deduced from transport
measurements of ultrathin films is most likely an interface
FIG. 3. PEEM images of the sample featured in Fig. 1. In vi@gvthe layer and not a surface Iay?er.

sample was at room temperature. In viga it was raised abové., and in In summary, we have grown LSMO thin films of 10-200
view (c) it was cooleq back to room temperature. Note how the domainnm in thickness. Magnetic domains in our LSMO thin films
structure retains no hIStOI’y between the two room temperature Images. thicker than 40 nm were 0bserved Wlth bOth MFM and
PEEM. The domain structure detected by both techniques is

met with little succes&’ This may be due to either the lower VETY Similar, implying that the domain state is the same for

magnetization of the thinnest films reducing the interactiofin® film and the surface layer, and therefore that the previ-

with the MFM tip or the dominance of shape anisotropy overously observed dead layer is most likely an interface, not a
strain anisotropy for ultrathin films. surface, effect. We observed domain destruction and nucle-

Magnetic domain formation in our unpatterned thin films &tion, as samples were heated and cooled thrdughThe
was also investigated using photoemission electron micro@om""In _nucleanon occurred S_pon_taneo_usl_y across the_ entire
copy (PEEM). Additionally we extracted chemical and struc- flm as it cooled througfic with little pinning of domain
tural information from the PEEM studies by summing the Walls.

left and right circularly polarized dichroism signals instead  The authors thank Kin Man Yu for taking some of the

of taking the differenceln situ heating of our sample with & ppg gata and Rajesh Chopdekar, Lisa Alldredge, and Jostein
filament located behind the substrate allowed us to vary thes e nstad for valuable discussions. This work was supported
temperature. Measurements were taken from room tempergy the National Science FoundatiofGrant No. DMR-

ture to above 400 K, in excess Bt (around 360 K. Soh 102629 and the David and Lucile Packard Foundation. In
et al. previously investigated the temperature dependence Qfyjition, this work made use of the facilities of the Cornell
the magnetic domain structure at artificial grain boundarieganter for Materials ReseardiGrant No. CCMR-MRSEC

using MFM in CMR films with in-plane anisotropy, and ob- p\1r 0079992 and the Cornell Nano-Scale Science and
served an increase ifi; at these boundari@sOur study, on Technology FacilitfGrant No. NSF ECS-9731293
the other hand, focuses on films with perpendicular

anisotropy.
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